The primary aim of this study is to determine whether treatment with lamivudine improved pre-liver transplantation (pre-LT) and LT-free survival of patients awaiting LT for hepatitis B virus (HBV)-related cirrhosis. Data from 162 lamivudine-treated and 147 untreated transplant candidates managed at 20 North American transplant centers between 1996 and 1998 were collected and compared. Lamivudine-treated patients were more likely to be men, hepatitis B e antigen positive, HBV DNA positive, and have lower serum albumin levels at listing (P < .05). Actuarial pre-LT and LT-free survival were similar in lamivudine-treated and untreated patients. Using Cox regression analysis, the only significant predictor of pre-LT patient survival was the modified ChildTurcotte-Pugh (mCTP) score, whereas significant predictors of LT-free survival included ethnic background, lamivudine treatment, indication for LT, baseline serum alanine aminotransferase level, and baseline mCTP score. Lamivudine had no apparent effect on liver disease severity in patients undergoing LT, but appeared to improve disease severity in patients still awaiting LT. Breakthrough infection was noted in 11% of lamivudinetreated patients. We conclude that lamivudine therapy is not associated with improved pre-LT or LT-free survival in LT candidates with chronic hepatitis B. However, a subset of patients with less advanced liver failure may derive clinical benefit from lamivudine therapy, thus delaying the need for LT. In the absence of prospective, randomized, controlled trials of lamivudine in patients with decompensated cirrhosis, careful selection of patients and optimal timing of treatment are needed to balance the risk versus benefit of lamivudine therapy in LT candidates. (Liver Transpl 2002;8:433-439.)
M ortality caused by hepatitis B virus (HBV)-related liver disease in the United States is approximately 5,000 deaths/yr. 1 The outcome of patients with chronic hepatitis B after liver transplantation (LT) has significantly improved in the last decade; however, less than 300 hepatitis B surface antigen (HBsAg)-positive patients undergo LT in the United States each year because of the critical shortage of donor organs. 2, 3 As the waiting time for LT increases, clinicians are challenged to manage patients with decompensated HBVrelated cirrhosis for longer periods.
Lamivudine, a potent nucleoside analogue, is currently approved for the treatment of patients with chronic hepatitis B. 4 Small, uncontrolled, open-label studies have shown that lamivudine can lead to improvement in both laboratory and clinical liver disease parameters in patients with decompensated hepatitis B cirrhosis. [5] [6] [7] [8] In some of these series, lamivudine treatment was reported to markedly improve liver function and reduce the need for LT. [5] [6] [7] [8] However, breakthrough infection may occur during prolonged treatment with lamivudine because of the emergence of drug-resistant mutants. 9 Although lamivudine-resistant HBV mutants have decreased replication fitness compared with wild-type virus, flares in liver disease activity and hepatic decompensation have been reported with breakthrough infection. 10, 11 In addition, patients with lamivudine-resistant mutants may have an increased risk for recurrent hepatitis B post-LT. 11, 12 Therefore, the optimal time to initiate lamivudine treatment in HBsAg-positive LT candidates and the overall benefit of therapy in these patients remain unclear.
The primary aim of this study is to determine whether lamivudine treatment improves pre-LT survival or delays or obviates the need for LT in patients with HBV-related cirrhosis. The secondary aim is to assess the outcome of patients who developed breakthrough infection during lamivudine therapy. Results of this retrospective analysis of 309 HBsAg-positive LT candidates treated at 20 North American transplant centers before Food and Drug Administration approval of lamivudine for chronic hepatitis B are presented.
Methods
Investigators from 20 North American (18 American and 2 Canadian) LT centers were asked to complete a written survey on each adult patient listed for LT for HBV-related liver disease between January 1996 and June 1998. 13 Demographic, virological, and laboratory data, as well as clinical outcomes, were obtained through a retrospective review of patient medical records and the transplant database under local institutional review board guidelines. Sixteen patients with HBV-related acute liver failure were excluded. Data for 309 patients with HBsAg-positive cirrhosis or hepatocellular carcinoma (HCC) followed up through May 2000 form the basis of this report.
Data Collection
Subject age, sex, ethnic background, indication for LT (cirrhosis or HCC), clinical status at last available follow-up (LT, death, still waiting, delisted), date of LT, and use of antiviral medications pre-LT were recorded. The following virological values were obtained at the time of listing and at LT or most recent pre-LT follow-up visit: HBsAg, hepatitis B e antigen (HBeAg), antibody to HBeAg, antibody to hepatitis C virus (HCV), antibody to hepatitis delta virus, and HBV DNA. In addition, the following laboratory parameters were obtained at the same times: serum aspartate aminotransferase, alanine aminotransferase (ALT), bilirubin, and albumin levels and prothrombin time. Time to development of lamivudine resistance, defined as reemergence of previously undetectable HBV DNA in a patient administered lamivudine, also was recorded.
Hepatitis serological parameters were tested using commercially available enzyme immunoassays (Abbott Laboratories, N Chicago, IL). Serum HBV DNA was tested at each center using liquid hybridization (Abbott Laboratories), branched-chain DNA (Chiron/Bayer, Emeryville, CA), or hybrid capture assays (Digene, Gaithersburg, MD).
Liver Disease Severity
Before 1998, Child-Turcotte-Pugh (CTP) scores were not required to prioritize patients on the liver transplant waiting list. During chart review, we noted that the presence and extent of hepatic encephalopathy and ascites were not reliably available. Therefore, severity of liver disease was estimated using three of the five CTP laboratory criteria. Scores for albumin and bilirubin levels and either international normalized ratio or prothrombin time were added and reported as the modified CTP (mCTP) score, with a range from 3 to 9 points. To account for missing baseline mCTP scores in the regression model, an imputed mCTP score was calculated for patients with missing baseline values by taking the average score of the variables for which data were recorded (i.e., albumin, bilirubin, prothrombin time) and multiplying by three. Proportions of patients with complete baseline laboratory data were 95%, 96%, and 93% for albumin, bilirubin, and prothrombin time, respectively.
Data Analysis
Primary outcomes of the study were pre-LT and LT-free survival. Data were entered into an SPSS version 9.0 Windows 97 database (SPSS Inc, Chicago, IL). Descriptive statistics were calculated and are reported as mean Ϯ SE unless indicated otherwise. Demographic, laboratory, and clinical parameters at baseline, LT, and last follow-up were compared between patients administered lamivudine pre-LT (group 1) and those who were not treated (group 2) by using t-tests for continuous variables and Chi-squared analysis or Fisher's exact test for categorical variables. Survival curves were estimated using the Kaplan-Meier method and compared by log-rank test. Univariate and multivariate Cox regression analyses were performed to identify factors associated with pre-LT patient survival and LT-free patient survival. Patients were censored at the time of LT, death, or last available follow-up for analysis of LT-free survival. Baseline covariates significant at the .10 level or less in univariate modeling were included in the multivariate Cox regression model. The following factors were tested as predictors of both pre-LT survival and LT-free survival: age, sex, ethnicity, indication for LT, serum ALT level at listing, HBeAg/HBV DNA at listing, mCTP score at listing, HCV serological status, and use of lamivudine. P less than .05 is considered statistically significant.
Results

Study Population
Of 309 patients studied, 162 patients (group 1) were administered antiviral therapy consisting of lamivudine alone (159 patients), lamivudine and famciclovir (2 patients), or famciclovir alone (1 patient), whereas 147 patients (group 2) were not administered lamivudine pre-LT. At the time of listing, the two groups were similar in age, ethnic background, prevalence of HCV and hepatitis delta virus coinfection, and indications for LT (Table 1 ). However, group 1 patients were significantly more likely to be men and have detectable HBeAg or HBV DNA than group 2 patients. In addi-tion, group 1 patients had significantly lower serum albumin levels. Mean duration of pre-LT follow-up to predetermined study end points of death, LT, or last available visit in non-transplant recipients was significantly greater in group 1 compared with group 2 patients (10.2 Ϯ 0.75 v 7.2 Ϯ 0.62 months; P ϭ .002). At the time of data analysis, 175 patients (57%) had undergone LT (Fig. 1) . Of the remaining patients, 87 patients (28%) were still awaiting LT, 28 patients (9%) had died, and 19 patients (6%) had been removed from the waiting list.
Pre-LT and LT-Free Survival
Actuarial pre-LT patient survival of the 162 lamivudine-treated and 147 untreated patients was similar (P ϭ .529; Fig. 2 ). In univariate and multivariate Cox regression analysis, the only covariate significantly associated with death before LT was mCTP score (hazard ratio, 1.60; 95% confidence interval, 1.3 to 2.0; P ϭ .0001). Specifically, for each one-unit increase in mCTP score, the hazard for death increased by 60%. However, note that there were only 28 deaths during the course of the study, which limited the ability to estimate the effect of several covariates on pre-LT survival.
A plot of actuarial LT-free survival showed that although lamivudine-treated patients tended to have improved LT-free survival, the difference was not statistically significant (P ϭ .09; Fig. 3 ). On both univariate and multivariate Cox regression analyses, lamivudine treatment, ethnicity, HCC as the indication for LT, baseline serum ALT level, and mCTP score were significant predictors of LT-free survival (Table 2) . More specifically, for each increase in baseline serum ALT level by 10 IU/L, there was a 1% increase in the hazard for death or LT. Similarly, for each increase in mCTP score by one point, there was a 37% increase in the hazard for death or LT.
Effect of Lamivudine on Liver Disease
Transplant recipients. At the time of data analysis, 91 group 1 patients (56%) and 84 group 2 patients (57%) had undergone LT (Fig. 1) . Mean subject age (50.5 Ϯ 1.1 v 52.1 Ϯ 1.1 years), ethnic background (54% v 54% white), and indications for LT (82% v 83% cirrhosis) were similar in group 1 and group 2 transplant recipients, respectively. However, as in the entire study population, group 1 transplant recipients were more likely to be men (87% v 74%; P ϭ .03) and have a longer duration of pre-LT follow-up than group 2 transplant recipients (8.1 Ϯ 0.9 v 5.4 Ϯ 0.7 months; P ϭ .02). At listing, group 1 patients were more likely to have detectable HBV DNA; however, other liver disease severity parameters were similar to those in group 2 patients (Table 3) .
At LT, the proportion of group 1 patients with detectable HBV DNA had decreased compared with baseline. However, other laboratory values reflecting liver disease severity were essentially unchanged, and mCTP scores in lamivudine-treated and untreated patients were similar at the time of LT.
Non-transplant recipients. Seventy-one lamivudinetreated patients (44%) and 63 untreated patients (43%) had not undergone LT (Fig. 1) . Mean duration of pre-LT follow-up was longer in group 1 than group 2 patients not undergoing LT (12.9 Ϯ 1.2 v 9.5 Ϯ 1.1 months; P ϭ .04). Eighteen lamivudine-treated patients (11%) and 10 untreated patients (7%) died while awaiting LT. Twelve lamivudine-treated patients (7%) and 7 untreated patients (5%) were removed from the LT waiting list, primarily because of non-liverrelated causes, including relocation, insurance issues, noncompliance, and development of significant pulmonary hypertension.
At the time of data analysis, 41 lamivudine-treated and 46 untreated patients were still awaiting LT (Table  3) . Mean subject age (52.6 Ϯ 1.4 v 48.8 Ϯ 1.3 years), ethnicity (51% v 48% white), and sex (83% v 80% men) were similar in group 1 and group 2 patients, respectively. However, cirrhosis as the indication for LT (97% v 85%; P ϭ .039), duration of pre-LT follow-up (16.1 Ϯ 1.5 v 11.0 Ϯ 1.4 months; P ϭ .013), and presence of detectable HBeAg and HBV DNA at listing was greater in group 1 compared with group 2 patients, respectively. At the last follow-up visit, the proportion of group 1 patients with detectable HBV DNA had decreased compared with baseline and was significantly lower compared with group 2 patients (P ϭ .049). In addition, although group 1 patients had a trend toward higher serum bilirubin levels and mCTP scores at listing, these differences were no longer apparent at the most recent visit, suggesting that lamivudine may have improved or stabilized liver disease severity in group 1 patients.
Breakthrough Infection
Six transplant recipients and 12 non-transplant recipients developed breakthrough infection after a median of 12 months of lamivudine treatment (range, 4 to 42 months). Of the 12 non-transplant recipients, 1 patient died of progressive liver failure 3 months after the development of breakthrough infection and 5 patients were removed from the waiting list for various reasons, including worsening liver function in 1 patient. A paired comparison of listing and last available pre-LT mCTP scores in 9 of the 18 patients with breakthrough infection shows that 4 patients had an increase greater than 2 points, 1 patient had a reduction greater than 2 points, and 4 patients had a change in mCTP score less than 2 points.
Of the six patients with breakthrough infection undergoing LT, four patients were administered a combination of hepatitis B immune globulin (HBIG) and lamivudine, one patient was administered HBIG alone, and one patient was administered lamivudine alone post-LT. During a median post-LT follow-up of 11 months (range, 1 to 25 months), one patient administered combination prophylaxis followed by lamivudine monotherapy developed recurrent hepatitis B. The other five patients have remained HBsAg negative, with normal serum ALT levels.
Discussion
In this retrospective analysis of 309 HBsAg-positive patients listed for LT at 20 North American transplant centers, we found that 52% of patients were administered lamivudine pre-LT. Patient selection for lamivudine treatment and the decision to proceed with LT were determined by local investigators. All patients on this study were listed for LT before the approval of lamivudine as a treatment for chronic hepatitis B.
Patients who were HBeAg and/or serum HBV DNA positive at listing were more likely to be treated with lamivudine. Contrary to previous reports of uncontrolled studies in small numbers of patients, our large retrospective study failed to show a significant improvement in pre-LT or LT-free survival with lamivudine treatment. [6] [7] [8] We acknowledge that our study is based on retrospective data, and treatment was not randomized. However, we are confident that data for survival and LT are accurate and complete. In addition, follow-up information and the proportion of patients removed from the transplant waiting list were similar in the two groups. It is possible that a greater prevalence of HBV replication markers among the lamivudine-treated group may have biased the results against treatment. Our results also may be biased because patients administered lamivudine had lower serum albumin levels at listing (Table 1) . However, other laboratory markers of liver disease severity (bilirubin, prothrombin time, and mCTP score) were similar between the two groups. Cox regression analyses showed that only mCTP score at listing was significantly associated with pre-LT survival. Baseline mCTP score was the strongest predictor of LT-free survival; however, other factors, including baseline ALT level, lamivudine treatment, indication for LT, and race also were significant predictors of LTfree survival ( Table 2 ). The clinical importance of race in predicting survival is unclear because there were only 14 patients of "other" ethnicity. Although it would be of interest to test the recently proposed Model for EndStage Liver Disease score as a predictor of pre-LT survival, the retrospective nature of our study with incomplete baseline data capture precluded us from doing so. 14, 15 Findings of this study are consistent with other studies showing the importance of liver disease severity in predicting patient survival in lamivudine-treated patients with decompensated HBV-related cirrhosis. 16 Our data suggest that lamivudine treatment may delay the need for LT in some patients with HBsAg-positive cirrhosis or HCC, but it does not improve overall pre-LT survival.
Among transplant recipients, lamivudine treatment decreased HBV replication, but had no appreciable effect on liver disease severity (Table 3) . Conversely, among patients still awaiting LT, lamivudine treatment appeared to improve or stabilize liver disease, reflected by a decrease in mCTP scores among treated patients compared with an increase in mCTP scores among untreated patients (Table 3) . The difference in clinical benefit between patients still awaiting LT and those who underwent LT who were administered lamivudine may be related to less advanced liver failure at listing (baseline mean mCTP scores, 5.4 v 6.1) and longer mean duration of treatment (16.1 v 8.1 months) in patients still awaiting LT. Our observations are consistent with previous reports showing that clinical benefit with lamivudine treatment takes at least 3 to 6 months. 5, 6, 8, 16 Thus, patients with very advanced liver failure may not derive a benefit from lamivudine treatment and should be prioritized for LT.
Breakthrough infection was reported in 18 patients (11%) after a median of 12 months of lamivudine treatment. Although serum HBV DNA was monitored using different assays at varying intervals in participating centers, the rate of breakthrough infection observed in this study is similar to that reported in other studies. 16, 17 Because of the lack of stored samples for analysis, we could not confirm whether all patients with breakthrough infection had lamivudine-resistant HBV mutants. 9 Of the 12 patients who did not undergo LT, 1 patient died of progressive liver failure and 1 patient was removed from the waiting list because of worsening liver disease. Detailed data on 9 of the 18 patients with breakthrough infection showed that at least 4 patients had an increase in mCTP score by 2 points. Although mCTP score has not been validated as a reliable predictor of pre-LT mortality, these findings are concerning because with time, an increasing proportion of patients develop lamivudine resistance. Of the 6 patients who underwent LT, only 1 patient developed recurrent hepatitis B. Recurrence in this patient coincided with a switch from combination prophylaxis to lamivudine monotherapy. Longer follow-up of remaining patients is needed to determine whether HBIG alone or in combination with lamivudine can prevent recurrent hepatitis B. 10, 12, 17 Our study represents the largest reported experience of North American patients awaiting LT for HBsAgpositive cirrhosis or HCC. We found that lamivudine was administered pre-LT in 52% of HBsAg-positive LT candidates listed between 1996 and 1998. It is likely that with the Food and Drug Administration approval of lamivudine in 1998, its use in this patient population may have increased, although the approved indication does not include patients with decompensated cirrhosis. Contrary to previous reports, we found that lamivudine treatment did not improve overall pre-LT or LT-free survival. However, our data suggest that a subset of patients with less advanced liver failure may derive clinical benefit from lamivudine treatment, thus delaying the need for LT.
Breakthrough infection occurred in 11% of lamivudine-treated patients. Based on our data and other published reports, in general, the short-term outcome of patients with lamivudine resistance is favorable, but some patients may develop rapidly progressive liver failure before a donor liver becomes available, whereas others may develop recurrent hepatitis B despite HBIG prophylaxis. 11, 12, 17 Adefovir dipivoxil has been reported to have in vitro and in vivo effect on inhibiting wildtype and lamivudine-resistant HBV; however, its longterm safety and efficacy in patients with decompensated cirrhosis or recurrent hepatitis B post-LT remain to be established. 18 Thus, in the absence of prospective, randomized, controlled trials of lamivudine in patients with decompensated cirrhosis, careful selection of patients and optimal timing of treatment is needed in HBsAg-positive LT candidates to derive the maximum benefit from lamivudine treatment.
